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Abstract 


Activated carbon fiber (ACF) with high specific surface area has been used as support in the preparation of Pt nanoparticles electrocatalyst 
(Pt/ACF) for direct alcohol fuel cells. It is found that the Pt nanoparticles on ACF are highly and homogeneously dispersed with a narrow size 
distribution in the range of 1.5-3.5 nm with an average size of 2.4 nm. In comparison with the commercial E-TEK Pt/C catalyst, the Pt/ACF catalyst 
exhibits much higher catalytic activity for methanol, ethanol and isopropanol oxidation, which are about 2.4 times as high as that of the former. 
The Pt/ACF catalyst is observed to be significantly more stable during the constant current density polarization and continuous cyclic voltammetry 
in comparison with Pt/C catalyst. Both the uniform dispersion of Pt nanoparticles and strong interactions between Pt nanoparticles and ACF are 


of benefit to achieve the performance improvement of Pt/ACF catalyst. 


€ 2007 Elsevier B.V. All rights reserved. 
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1. Introduction 


Direct alcohol fuel cells (DAFCs) have attracted consider- 
able interest primarily due to their promising applications as 
power sources for electric vehicles and portable electronics [1]. 
The performance of DAFCs greatly depends on catalytic activ- 
ity and durability of the catalyst. It has been reported that the 
natures of the carbon supports determine the dispersion and sta- 
bility of the metal crystallites, the electronic properties of the 
metal, including metal-support interactions and mass transfer 
resistances of the catalyst layer [2—4]. Therefore, special atten- 
tion has been given to alternative carbon materials as catalyst 
supports for DAFCs, including carbon nanotubes [5,6], mesocar- 
bon microbeads [7], ordered mesoporous carbons [8,9], carbon 
nanofibers [10,11], and other structured carbons [12-14]. 

Carbon blacks have been successfully used as supports in 
commercial catalysts for fuel cells, however, self-agglomeration 
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of the carbon particles limits the approach of the fuel and oxidant 
to the active sites, and therefore the electrocatalyst efficiency of 
the fuel-cell electrode will be reduced. 

It is well known that fibers offer flexibility which does not 
apply to the usual powdery or granular materials. Fibrous cat- 
alytic packs offer the advantages of an immobile catalyst and a 
short diffusion distance. Another advantage of fibrous catalysts 
is their low resistance to flow of liquid and gases through a bun- 
dle of fibers. Thus, they can be used as an attractive alternative 
in fuel cell. 

With plentiful micropores and a huge surface area thus result- 
ing in high adsorption capacity, activated carbon fiber (ACF), 
described as a novel kind of porous material, plentiful functional 
groups on whose surface have strong reactivity. In addition, plen- 
tiful functional groups on the surface of activated carbon fiber 
also have strong reactivity. In addition, ACF has such a reduction 
property that it can reduce Pt(IV) into a lower valence ion and 
Pd(ID, Ag(D, Au(IID ions into metallic elements [15-20] which 
leads to a promising application of being used in the preparation 
of catalysts. 

In this paper, the uniform dispersion of Pt nanoparticles 
supported on activated carbon fiber with a high specific sur- 
face area was prepared. The morphology of the Pt catalyst was 
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characterized by transmission electron microscopy (TEM). The 
electrocatalytic properties of the Pt/ACF catalyst for alcohols 
oxidation were evaluated by cyclic voltammetry and chronoam- 
perometry. The electrochemical stability of the Pt/ACF catalyst 
was studied by chronopotentiometry and continuous cyclic 
voltammetry. 


2. Experimental 
2.1. Materials 


All the chemical reagents employed in this study were of ana- 
lytical grade. Chloroplatinic acid was purchased from Shen Yang 
Jin Ke Chemical Factory, China. Vulcan XC-72 carbon black 
was purchased from Cabot Inc., 20 wt.% Pt supported on Vul- 
can carbon black (Pt/C) catalyst from E-TEK Inc. and Nafion 
5 wt.% solution from Dupont. 


2.2. Preparation of ACF and PVACF catalyst 


Viscose fiber was carbonized at 850°C in N2 atmosphere 
and activated using steam as an activation agent at the same 
temperature for 60 min. Viscose-based activated carbon fiber 
thus obtained had diameters of about 10 wm. Pore structure of 
ACF is summarized in Table 1. 

The catalyst was prepared according to the following pro- 
cedures: 80 mg of ACF was first suspended in ultrapure water; 
then 5.4 mL of 0.0193 mol dm” chloroplatinic acid mixed with 
ethylene glycol was added into the above suspension solution, 
2 mol dm^? NaOH was gradually added to the suspended mix- 
ture until the pH ofthe mixed solution reached 13 and the mixture 
was refluxed at 130?C for 3 h. The resulting solid was washed 
with distilled water until CI” anion was not detected by AgNO3 
solution and then dried in vacuum at 80?C. Pt supported on ACF 
catalyst with a metal loading of 20 wt.%, denoted as Pt/ACF, was 
obtained. The ratio of Pt to ACF was controlled by the stoichio- 
metric calculation, and Pt content on Pt/ACF catalyst was also 
confirmed by atomic absorption spectroscopy (AAS) measure- 
ment. The AAS analysis of filtrate showed that platinum was 
completely deposited on the ACF. 


2.3. Structural characterization and electrochemical 
evaluations 


Specific surface areas and pore volumes of carbons were mea- 
sured on a volumetric adsorption apparatus from Micromeritics 
(Norcross, GA, USA) at 77.4 K using nitrogen gas as the adsor- 
bate in the relative pressure range from 10~° to 0.995. The 
sample was degassed at 200?C in vacuum for 8 h before mea- 
surement. 


Transmission electron microscope (TEM) was performed 
on a JEOL JEM-2010HR operating at 200 kV. Samples were 
prepared by ultrasonically suspending the catalysts powder in 
ethanol. A drop of the slurry was then deposited onto a clean 
holey carbon-copper grid and the ethanol was allowed to evap- 
orate. More than 200 particles were measured to get integrated 
information about size distribution and average size of every 
Pt-based catalyst sample. 

X-ray diffraction (XRD) scans were obtained on a Rigaku 
D/MAX 2200VPC X-ray diffractometer using Cu Ka radiation 
(A =0.154056 nm). The tube voltage was maintained at 40kV 
and tube current at 48 mA. The 20 angles ranging from 20° 
to 90° were explored at a scan rate of 5° min-!. The Pt(220) 
peak (60? to 75?) was scanned at 1? min! with a resolution of 
0.02? in order to obtain the size information of Pt crystallites by 
Scherrer formula. 

Allelectrochemical measurements were performed in a three- 
electrode electrochemical cell on an IM6ex electrochemical 
workstation (Zahner-Electrik, Germany) at room temperature. 
For the preparation of working electrodes, 5 mg of Pt/ACF cat- 
alyst or 5 mg of Pt/C catalyst (20 wt.%, from E-TEK), 50 uL of 
Nafion solution (5 wt.%, Dopont), and 4 mL of isopropyl aque- 
ous solution (Vaicohol: Vwater = 1:3) were mixed ultrasonically. 
The well-mixed electrocatalyst ink (20 uL) was deposited onto 
the surface of a freshly polished glassy carbon disk (GC, 3 mm in 
diameter and 0.07065 cm?) and dried at 80°C for 30 min. Based 
on the volume of electrocatalyst ink deposited onto the carbon 
electrode, the Pt loadings on the Pt/C and Pt/ACF electrodes 
were calculated to be 0.07 mg cm^?. A Pt foil and a saturated 
calomel electrode (SCE) were used as the counter and the ref- 
erence electrodes, respectively. N2 gas was purged for 20 min 
before the experiment started. 


3. Results and discussion 
3.1. Pore structure of activated carbon fiber 


Specific surface area of sample was determined by 
Brunauer-Emmet- Teller (BET) method applied in a relative 
pressure range from 0.05 to 0.35 and micropore volume as well 
as micropore area by t-plot method. The total volume (Viota1) 
was calculated by converting the adsorption amount of N» at a 
relative pressure of 0.95 into its liquid volume. Pore structure 
parameters of ACF and Vulcan XC-72 are listed in Table 1. 

The results indicated that the ACF employed in this study had 
a specific surface area of 1338 m? g^! — which was five times 
larger than that of Vulcan XC-72 (224 m? g^!) - and a micropore 
area of 873 m? g~!, which meant it was significantly microp- 
orous. The analysis based on the nitrogen adsorption isotherms 
also indicated that the average micropore diameter based on 


Table 1 

Pore structure parameters of ACF and Vulcan XC-72 

Samples SBET (m? g Smicro (m? g Smeso (m? g Viotal (cm? g7!) Vmicro (cm? g Vineso (cm? g7!) Dyotal (nm) 
ACF 1338 873 465 0.648 0.402 0.246 2.66 
Vulcan XC-72 224 91 133 0.305 0.042 0.263 7.12 
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Dubinin-Astakhov method is about 0.59 nm, and diameters of 
the micropores mostly distribute in a range from 0.5 to 1.2 nm. 
Interestingly, the sample got an average pore diameter (4V/S) of 
2.6 nm for total pores (micropore and mesopore), which would 
be close to the size of Pt particles supported on ACF. It is found 
that higher surface area will be advantageous to both a better 
dispersion of Pt particles and higher loading of Pt catalysts. 
Furthermore, a higher surface area increases the three-phase 
interface for electrode, and that will be convenient for mass 
transportation of reactant and products [21 ]. 


3.2. Particle size and distribution of Pt on carbon supports 


The X-ray diffraction patterns of the catalysts and carbon 
supports are shown in Fig. 1. The broad peaks at 20 2 24? and 
about 44? correspond to the diffraction of graphite crystallite of 
Vulcan XC-72 and the ACF supports, while the peaks at 39.6°, 
46.3°, 67.8° and 81.6? are due to Pt(1 1 1), Pt(2 0 0), Pt(2 20) and 
Pt(3 1 1) face-centered cubic phases, respectively. The Pt(200) 
peak was scanned at 1? min^! ranging from 60° to 75°, which 
is shown in the inset of Fig. 1. In order to avoid the disturbance 
caused by the diffraction of graphite crystallite, the average crys- 
tallite sizes of Pt supported on Vulcan XC-72 and the ACF were 
calculated based on the broadening of the Pt(200) peak from 
Scherrer equation: 


0.9 


= 1 
B cos (Y 


where d is the average particle sizes (nm), A the wave-length of 
X-ray radiation (0.154056 nm) and B is the width (in radians) of 
the diffraction peak at half height. The results indicated that Pt 
supported on ACF excelled that on Vulcan XC-72 in crystallite 
size, which of 2.9 and 2.1 nm diameter, respectively belonged to 
Pt/C and Pt/ACF. However, XRD measurements cannot supply 
exact information of crystallite size when it is less than 3.0 nm, 
for this reason, the figures obtained by the above equation will 
be slightly smaller than true ones. 


Intensity (a.u.) 


10 20 30 40 50 60 70 80 90 
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Fig. 1. The X-ray diffraction patterns of Pt/ACF and Pt/C. Inset: detailed 
Pt(2 2 0) peaks. (a) Vulcan XC-72 (b) ACF (c) PUACF and (d) Pt/C. 


Fig. 2. TEM images of Pt/C (a) and Pt/ACF (b) catalysts. 


Fig. 2 shows TEM images of Pt/ACF and Pt/C catalysts. 
The size distribution of Pt particles on the catalysts was also 
obtained by directly measuring over 200 particles from TEM 
micrographs, and the corresponding histograms of which are 
shown in Fig. 3. These results showed that the spherical Pt par- 
ticles deposited on ACF were fairly uniform and well distributed 
and the particle size distribution, ranging from 1.5 to 3.5 nm, was 
rather narrow. On the contrary, the Pt particles were apparently 
agglomerated and thus have a bad dispersion on Vulcan XC- 
72, leading to a much broader particle size range from 1.0 to 
9.0 nm. The mean size was estimated to be 2.4 nm for Pt/ACF 
and 2.9 nm for Pt/C, which was in good agreement with the 
results from XRD. 

As it is well known, activated carbon fiber has abundant open 
micropores on its surface, by which certain amount of water 
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Fig. 3. Distributions of diameters of Pt nanoparticles on Pt/C (a) and Pt/ACF 
(b) catalysts. 


can be absorbed during the preparation process. In addition, 
the PtClg^- ions in ethylene glycol solvent are more easily 
to dissolve in water and then strongly adsorb on the walls of 
the micropores. With the pH and temperature of the solution 
adjusted to proper values, most of Pt precursors captured by open 
micropores were reduced in situ, thereby preventing Pt particles 
from coalescence into larger particles. Vulcan XC-72 where the 
micropores in the core were concealed by the graphitic shell, 
deposition of Pt particles had to occur on the graphitic shell. As 
a result, the reduction in the available surface area of Vulcan 
XC-72 for deposition had led to larger particles being formed 
[22]. 

Fig. 4 shows the high-resolution TEM (HRTEM) images of 
Pt/C and Pt/ACF catalysts. The image (see Fig. 4a) revealed 
that the Pt crystallites dispersed on ACF had relatively good 
crystallographic orientation, suggesting the establishment of a 
strong metal-support interaction. It might be due to the strong 
interactions between Pt particles and ACF, which are caused by 
the abundant functional groups such as carboxyl, hydroxyl and 
carbonyl groups on the surface of supports. Meanwhile, surface 
basic sites of ACF are associated with -electron rich regions 
within the basal planes, which is also responsible for the strong 
adsorption of Pt. In contrast, Pt particles supported on Vulcan 
XC-72 were found to adopt a more dense globular morphology 


Fig. 4. HRTEM images of Pt/C (a) and PUACF (b) catalysts. 


(see Fig. 4b), suggesting that in this case there was a relatively 
weak interaction with the metal and support [10]. 


3.3. Electrocatalytic properties of Pt/ACF catalyst for 
alcohol 


The cyclic voltammograms of Pt/ACF and Pt/C catalysts in 
] mol dm? CH30H and 0.5 moldm^? H35SO, solutions are 
shown in Fig. 5. The anodic current density of Pt/ACF cata- 
lyst in the forward scan increased with the scan potential, and 
reached its maximum peak current density, 24.9 mA cm? at 
0.65 V, which was significantly higher than that of Pt/C cata- 
lysts (10.2 mA cm-?), and indicated that the Pt/ACF catalyst 
had excellent catalytic activity on methanol electrooxidation. 
The onset potential of methanol oxidation on Pt/ACF catalyst 
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Fig. 5. Cyclic voltammograms of methanol oxidation on Pt/ACF and Pt/C in 
1 mol dm? CH30H/0.5 mol dm”? H5SO, solution at 20 mV s^! , room temper- 
ature. Inset: cyclic voltammograms of Pt/ACF and Pt/C in 0.5 mol dm”? H2SO4 
solution at 50 mV s-!. 


occurred at 0.1 V, which showed a significant negative shift of 
about 150 mV compared to Pt/C catalysts. The better perfor- 
mance of methanol electrooxidation on Pt/ACF catalyst could 
be attributed to a suitable and uniform particle size of well- 
dispersed Pt particles supported on the ACF surface. 

The cyclic voltammograms of Pt/ACF and Pt/C cata- 
lysts in 0.5 mol dm”? H5SO, solutions are shown in the 
inset of Fig. 5. For Pt/ACF catalysts, well-defined hydrogen 
adsorption-desorption peaks with a much larger area were 
observed in the potential region from —0.2 to 0.1 V, demonstrat- 
ing a larger electrochemical active surface area of the catalyst. 
Also, the large surface area was owing to the presence of nar- 
row size and uniform distribution of the Pt particles on ACF 
as displayed in the TEM micrograph before. Electrochemical 
active surface (EAS) of Pt can be calculated from the following 
formula [23]: 


OH 


EAS = ——~" _ 
0.21 x [Pt] 


(2) 
where [Pt] represents the platinum loading (mgcm~~) in the 
electrode, Qy the amount of charge exchanged during the 
electroadsorption of hydrogen atoms on Pt (mC cm?) and a 
correlation value of 0.21 (mC cm?) the charge required to oxi- 
dize a monolayer of H2 on poly-crystalline Pt electrodes. The 
electrochemical active areas of platinum on Pt/ACF and Pt/C cat- 
alyst calculated by the above Eq. (2) were 65.3 and 23.8 m? g^! , 
respectively. We believe that a numbers of reasons could cause 
a large difference in the electrochemical active surface area of 
Pt/ACF and Pt/Vulcan though they had similar particle sizes and 
Pt loadings. First, fibers catalytic packs offer the advantages of 
a short diffusion distance and a low resistance to flow of liq- 
uid and gases through a bundle of fibers, which provide them a 
very excellent adsorption performance than that of a powdered 
or granulated bed. Activated carbon fibers with plenty of active 
carbon-oxygen groups have also been found to be extremely 
hydrophilic. Therefore, fluid transport through the hydrophilic 
fiber is faster than through Vulcan XC-72. Second, because Pt 
particles are enclosed and sheltered by the carbon black agglom- 


Table 2 
Comparison ofthe peak current density and onset potentials of alcohols oxidation 
on Pt/C and Pt/ACF electrodes 


Methanol Ethanol Isopropanol 
PUC 
jp (mA cm?) 10.3 64 2.9 
E, (V) 0.25 0.52 0.04 
Pt/ACF 
jp (mA cm?) 24.9 11.6 5.8 
E, (V) 0.10 0.30 —0.04 


eration, the approach of protons to the active sites will be limited. 
The self-agglomeration and uneven distribution of Pt particles as 
shown in Fig. 2a will also reduce the electrocatalyst efficiency 
of the fuel-cell electrode. In contrast, the even distribution of 
Pt particles will enhance the effective contacting with protons. 
Thus it is reasonable that the catalyst support on the ACF has 
a higher electrochemical active surface area than that prepared 
with Vulcan XC-72. 

The oxidation of methanol, ethanol and isopropanol on Pt/C 
and Pt/ACF electrodes were examined. Table 2 summarizes the 
corresponding values of the onset potentials (E,) and peak cur- 
rent densities (jp) for alcohols oxidation on PUC and Pt/ACF 
electrodes in 0.5 mol dm~? H2SO4/1 mol dm"? alcohols aque- 
ous solutions at 20mV s^, respectively. The peak current 
densities for alcohols oxidation on PU ACF electrode were almost 
twice as that on Pt/C electrode; furthermore, the onset potentials 
for Pt/ACF electrocatalyst were also significant negative shift 
compared with Pt/C electrocatalyst. All in all, Pt/ACF electro- 
catalyst showed the better performance for alcohols oxidation 
than that of Pt/C. 

In order to make a comparison between the activities of 
Pt/ACF and Pt/C catalysts for methanol electrooxidation, the 
steady-state current densities at a constant potential were used. 
Fig. 6 shows the change of polarization currents with time of 
methanol electrooxidation on Pt/ACF and Pt/C catalysts at 0.4 V 
versus SCE. The initial high current corresponded mainly to 
double-layer charging. The Pt/ACF and Pt/C catalysts presented 
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Fig. 6. Chronoamperometric curves (at 0.4 V vs. SCE) of methanol oxidation 
on PU/ACF and Pt/C in 1 mol dm? CH30H/0.5 mol dm~? H2SO0; solutions. 
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Fig. 7. Potential/time plots of Pt/ACF and Pt/C in 1 moldm-? CH3OH/0.5 
mol dm? H5SO, solutions at 6 mA cm~?. 


continuous decay in activity with time, which would due to 
the intermediate products of methanol oxidation such as CO 
adsorbed on the Pt particles, which would inhibit electrooxida- 
tion reaction of methanol. After a polarization of 1800 s, Pt/ACF 
and Pt/C catalysts reached their steady-state current of 12.6 and 
6.1 mA cm, respectively. In addition, the current density of 
Pt/ACF catalysts behaved with a more gently decreasing trend, 
which was possibly owing to the larger active area of Pt par- 
ticles supported on ACF. All the facts indicated that Pt/ACF 
catalyst displayed better performances for methanol electroox- 
idation than Pt/C catalyst [24]. 

As shown in Fig. 7, the respective chronopotentiometric 
curves for methanol oxidation on Pt/ACF and Pt/C catalysts 
at 6mA cm? were dramatically different. The potentials of 
Pt/ACF and Pt/C catalysts increased gradually with the last- 
ing of polarization time and finally shifted to a higher value for 
oxygen evolution rather than methanol oxidation, indicating the 
poisoning of the catalyst [25]. From the results, it can be seen 
that the Pt/ACF catalyst can be operated at a lower overpotential 
and last a longer time to be poisoned at the same current den- 
sity. The better stability of the Pt/ACF catalyst towards methanol 
oxidation might be attributable to the uniform Pt nanoparticles 
on ACF, which can supply more active sites for methanol oxi- 
dation, and also the attainment of a preferred crystallographic 
orientation by the Pt nanoparticles as a result of the interaction 
with the ACF. 

Itis well known that change in the morphology of the catalyst 
layer from the initial state will result in a loss of electrochemi- 
cal activity. This loss of activity in the Pt/C catalysts due to the 
agglomeration of platinum particles is considered to be a major 
cause of the decrease in cell performance [26,27]. The durability 
performance for Pt/ACF and PUC catalysts was directly evalu- 
ated by the change in the active surface area of catalyst during 
the continuous cycles test. 

Fig. 8 shows a subset ofthe CVs obtained at room temperature 
from the Pt/ACF and Pt/C catalysts during a total of 1800 cycles. 
The Pt active surface area was determined by integrating the 
hydrogen desorption peak of the cyclic voltammogram. The data 
indicated that the Pt/C underwent significant changes, whereas 
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Fig. 8. Cyclic voltammograms of Pt/C (a) and Pt/ACF (b) in 0.5 mol dm? 
H>SOy at 50 mV s7! (in the potential range —0.2 to 1.0 V vs. SCE cycling at 
100 mV s~! in 1 mol dm? CH30H/0.5 mol dm~? H5SO, solution on Pt/C and 
Pt/ACF after 0, 200, 600, 1000 and 1800 cycles). 


the Pt/ACF was much more stable. The initial Pt surface areas 
of Pt/C and Pt/ACF catalysts before the continuous cycles test 
were 24.9 and 63.8 m? g~!, respectively. While almost 37.4% 
of Pt surface area was lost for Pt/C catalyst over 1000 cycles, 
only 14.6% loss was observed for Pt/ACF catalyst. Addition- 
ally, almost 55% of Pt surface area was lost for Pt/C catalyst 
over 1800 cycles, however, after 1000 cycles, with an uncon- 
spicuous decreasing rate for Pt/ACF catalyst, which remained 
only 14.296 of loss in Pt surface area even after 1800 cycles. 
The results indicated that ACF could potentially provide much 
higher durability than Vulcan XC-72. 

Fig. 9 shows TEM images of Pt/ACF and Pt/C catalysts before 
and after stability test. It was obvious that the platinum particles 
basically maintained their high dispersion on the ACF after 1800 
cycles; though some of them grew slightly larger and got closer 
together during the stability test. It is well known that high sur- 
face area of carbon support would help to increase the platinum 
dispersion and effectively prevent extensive growth and aggre- 
gation of platinum particles. On the other hand, it is possible 
that the slit shaped micropores densely opening toward the outer 
surface of the fiber can also anchor platinum nanoparticles and 
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Fig. 9. TEM images of Pt/ACF and Pt/C catalysts before and after stability test. (a and c) Pt/C and Pt/ACF before stability test; (b and d) Pt/C and Pt/ACF after 


stability test for 1800 cycles. 


alleviate the Pt migration. In contrast, for Pt/C, platinum par- 
ticles significant sintering occurred after 1800 cycles. Fig. 9b 
shows evidence for necking between platinum particles on Vul- 
can XC-72. The mean size increased from 2.9 to 7.3 nm for Pt/C 
after stability test. This was in agreement with the trend observed 
for Pt surface area change. It was due to the self-aggregation of 
carbon black particles, which could facilitate the migration, and 
aggregation platinum particles to form larger particles, which 
also was the reason that Pt/C underwent significant decrease in 
electrochemical active surface areas. 

Fig. 10 summarizes the changes in the retention ratio of elec- 
trochemically active surface areas of Pt/ACF and PUC catalysts. 
The retention value of active surface area of Pt/ACF catalyst 
was gradually decreased with repetitious cycles to show the 


minimum value of 85.4% at around 1000 cycles and its value 
tended to keep constant afterwards, whereas the value for the 
Pt/C catalyst continued to drastically decrease down to 45% at 
1800 cycles. It would reveal that the micropore structure on the 
surface of ACF hold the Pt nanoparticles on the edge of the 
micropore, and prevent them from aggregating to bigger parti- 
cles, thus resist the loss of the effective surface area of Pt catalyst 
[28]. 

Obviously, long-term cycle stability of catalyst for methanol 
oxidation is another important parameter in practical application 
of DAFCs. Anodic peak current density of Pt/ACF and PUC cat- 
alysts during a total of 1800 cycles are shown in Fig. 11. For 
each catalyst, the peak current density obtained from the for- 
ward CV scan rise at first until it attained the maximum value and 
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Fig. 10. Change in retention ratio of electrochemical active surface areas of Pt/C 
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Fig. 11. Anodic peak current density of Pt/C and Pt/ACF with different cycle 
numbers in 1 mol dm? CH30H/0.5 mol dm”? H2SO0; solutions at 100 mV s~!, 
room temperature. 


afterwards displayed a downward trend with the successive CV 
scans. For Pt/ACF catalyst, its peak current density approached 
a maximum at 56.32 mA cm”? at the 300th scan, after which the 
value slid down gently, with an acceptable decrease of 24.1%, 
eventually to 42.78 mA cm”? at the 1800th scan. On the other 
hand, for the Pt/C catalyst, the peak current density reached its 
maximum at 25.64 mA cm”? at the 200th scan, and then drasti- 
cally decreased down to 6.49 mA cm"? at the 1800th scan, with a 
striking decrease of 74.7%. By all appearances, Pt/ACF catalyst 
performed excellent stability and outstanding catalytic activity, 
was a welcome contrast to commercial E-TEK Pt/C catalyst. 


4. Conclusions 


By using the reactive activity of activated carbon fiber, fine 
and homogeneous Pt particles can be successfully supported 
on ACF, and the Pt/ACF catalyst for fuel cell can be easily 
obtained by this liquid phase chemical reduction method. All 
the experimental results reveal that Pt/ACF shows both higher 


catalytic activity and electrochemical stability in alcohols oxi- 
dation. The anodic current densities of alcohols oxidation on 
Pt/ACF are twice as high as those on commercially available E- 
TEK PUC catalyst with same Pt loading (20 wt.%). The fibrous 
support, with abundant functional groups and plentiful micro- 
pore on the surface, offers the advantages of a short diffusion 
distance and a strong interaction between Pt particles and carbon 
support, which efficiently resist the agglomeration of Pt parti- 
cles and the loss in active surface area of the catalyst during 
continuous cycling. This might be the reason why the Pt/ACF 
catalyst performs significantly better electrochemical stability 
than commercial Pt/C catalyst. 
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